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VERTICAL CHANNEL FIELD-EFFECT
TRANSISTOR (FET) PROCESS
COMPATIBLE LONG CHANNEL
TRANSISTORS

BACKGROUND OF THE INVENTION

The present invention relates generally to semiconductor
devices, and more particularly to the formation of long
channel transistors using a vertical-channel field eflect tran-
sistor (FET) fabrication process.

A field effect transistor (FET) typically has a source
region, a channel region, and a drain region, where current
flows from the source region to the drain region, and a gate
that controls the tlow of current through the channel to
operate the transistor. A vertical field-effect (FET) transistor
has a channel perpendicular to the substrate surface, as
opposed to being situated along the plane of the surface of
the substrate.

The fabrication of semiconductor devices mvolves form-
ing electronic components in and on semiconductor sub-
strates, such as silicon wafers. These electronic components
may include one or more conductive layers, one or more
isulation layers, and doped regions formed by implanting
various dopants into portions ol a semiconductor substrate to
achieve specific electrical properties. Semiconductor
devices include transistors, resistors, capacitors, and the like,
with intermediate and overlying metallization patterns at
varying levels, separated by dielectric materials, which
interconnect the semiconductor devices to form integrated
circuits.

To electrically 1solate semiconductor devices from each
other, various 1solation technmiques, such as trench 1solation
structures, have been used. Viewing the vertical direction as
into the depth, or thickness, of a given substrate and the
horizontal direction as being parallel to a top surface of the
substrate, a trench 1solation structure 1s vertically oriented to
provide 1nsulating separation between semiconductor
devices at different horizontal locations. Traditionally, a
semiconductor surface 1s etched to form separate device
regions, and resulting trenches in between the separate
device regions are filled with dielectric material to form the
trench 1solation structures.

SUMMARY

According to one embodiment of the present invention, a
method for co-integrating a short-channel vertical transistor
and a long-channel transistor, the method comprising: from
a starting substrate, forming a wide fin, wherein the wide fin
comprises a wide active region; depositing a recess mask
over a top surface of the starting substrate; recessing a long
channel based on the deposited recess mask; depositing a
gate electrode and a gate material, to form a gate structure;
and forming SD contacts mm an SD region of the long-
channel transistor.

According to another embodiment of the present mnven-
tion, a semiconductor structure, comprising: at least one
vertical fin structure on a starting substrate; gate material
contacting with the at least one vertical fin structure, wherein
the gate material 1s recessed; and a source and drain region
at a side of the at least one vertical fin structure, wherein the
source and drain region form a long channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B depict cross-sectional views of a begin-
ning vertical channel transistor structure and a beginming,
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recessed channel gate transistor, respectively, after fin for-
mation, 1 accordance with an embodiment of the present
imnvention;

FIGS. 2A and 2B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the formation of a bottom SD region
in the vertical channel transistor, in accordance with an
embodiment of the present invention;

FIGS. 3A and 3B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of bottom
spacer formation, 1n accordance with an embodiment of the
present invention;

FIGS. 4A and 4B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of depositing
and recessing a mask, 1n accordance with an embodiment of
the present invention;

FIGS. SA and 3B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of recessing a
channel 1n the recessed channel gate transistor, 1n accor-
dance with an embodiment of the present invention;

FIGS. 6A and 6B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of forming
gate dielectric material and a gate electrode, 1n accordance
with an embodiment of the present invention;

FIGS. 7A and 7B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of gate elec-
trode recess, 1n accordance with an embodiment of the
present 1nvention;

FIGS. 8A and 8B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of top SD
spacer formation, 1n accordance with an embodiment of the
present 1nvention;

FIGS. 9A and 9B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a first ILD
fill and CMP, 1n accordance with an embodiment of the
present 1nvention;

FIGS. 10A and 10B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a gate
clectrode mask deposition, 1n accordance with an embodi-
ment of the present invention;

FIGS. 11 A and 11B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of gate elec-
trode patterning, in accordance with an embodiment of the

present 1nvention;

FIGS. 12A and 12B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a second
ILD fill and CMP, 1n accordance with an embodiment of the
present 1nvention;

FIGS. 13A and 13B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of FIN hard
mask removal for top SD formation, 1n accordance with an
embodiment of the present invention;

FIGS. 14 A and 14B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
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respectively, depicting the fabrication process for top SD
formation, 1n accordance with an embodiment of the present
imnvention;

FIGS. 15A and 15B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process for SD con-
tact patterning, 1n accordance with an embodiment of the
present invention;

FIGS. 16 A and 16B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, after the fabrication process of SD contact
formation, 1n accordance with an embodiment of the present
invention; and

FIGS. 17A and 17B are plan views of a vertical channel
transistor and a recessed channel gate transistor, respec-
tively, after the fabrication process of SD contact formation,
in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

The fabrication of a long channel transistor may be
difficult 1n a vertical channel transistor device, as taller FINs
within one waler are required to form the long channel,
which can be diflicult to fabricate. Embodiments of the
present 1nvention provide a {abrication process for a
recessed channel gate, long channel transistor device using,
a similar process as that to fabricate a vertical channel
transistor (with a short channel). By recessing some part of
the wide FIN region, it 1s possible to form a long channel
device.

Detailed description of embodiments of the claimed struc-
tures and methods are disclosed herein; however, it 1s to be
understood that the disclosed embodiments are merely illus-
trative of the claimed structures and methods that may be
embodied 1n various forms. In addition, each of the
examples given in connection with the various embodiments
1s intended to be illustrative, and not restrictive. Further, the
figures are not necessarily to scale, some features may be
exaggerated to show details of particular components.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but merely
as a representative basis for teaching one skilled 1n the art to
variously employ the methods and structures of the present
disclosure.

References 1n the specification to “one embodiment”, “an
embodiment”, “an example embodiment”, etc., indicate that
the embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or char-
acteristic. Moreover, such phrases are not necessarily refer-
ring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that it 1s within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

For purposes of the description hereinafter, the terms
“upper”, “lower”, “right”, “left”, “vertical”, “horizontal”,
“top”, “bottom”, and derivatives thereof shall relate to the
disclosed structures and methods, as oriented 1n the drawing
figures. The terms “on”, “over”, “overlying”, “atop”, “posi-
tioned on”, or “positioned atop” mean that a first element,
such as a first structure, 1s present on a second element, such
as a second structure, wherein 1intervening elements, such as
an 1nterface structure, may be present between the first
element and the second element. The terms “direct contact™,

“directly on”, or “directly over” mean that a {first element,
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such as a first structure, and a second element, such as a
second structure, are connected without any termediary
conducting, isulating, or semiconductor layers at the inter-
face of the two elements. The terms “connected” or
“coupled” mean that one element 1s directly connected or
coupled to another element, or intervening elements may be
present. The terms “directly connected” or “directly
coupled” mean that one element 1s connected or coupled to
another element without any intermediary elements present.

Referring now to the figures, FIGS. 1A and 1B depict
cross-sectional views of a beginning vertical channel tran-
sistor structure and a beginming recessed channel gate tran-
sistor, respectively, after fin formation, 1n accordance with
an embodiment of the present invention.

Structure 100 1s a vertical channel transistor and structure
101 1s a recessed channel gate transistor. Structure 100
includes substrate 102 having an active region and vertical
fin 103, and structure 101 includes substrate 102 having an
active region and wide fin 103. Vertical fin 103 and wide fin
105 are formed using a standard deposition, lithography, and
etch process, known 1n the art. For example, hardmask 106
may be deposited using a conventional chemical vapor
deposition (CVD) process, over the top surface of substrate
102, and etched using, for example, reactive 1on etching
(RIE) to form vertical {in 103 on structure 100 and wide {in
105 on structure 101. Subsequent to the formation of vertical
fin 103 and wide fin 105, device regions are created through
shallow trench 1solation (STI) within the starting substrate
102. In a preferred embodiment, the shallow trenches are
filled with one or more msulating materials 104, such as
S10,, to 1solate fins 103 and 105. This prevents electrical
current leakage between adjacent semiconductor device
components, preventing one device region from aflecting
another or shorting out through contact with another. At this
processing step, the wide fin 105 of structure 101 1s wider in
length than that of vertical fin 103 of structure 100.

FIGS. 2A and 2B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the formation of a bottom SD region
in the vertical channel transistor, in accordance with an
embodiment of the present invention.

In this exemplary embodiment, bottom SD 107 1s formed
on structure 100, by depositing a dielectric material on the
top surface of substrate 102. Bottom SD 107 can be, for
example, an oxide material, and in an embodiment, can be
blanket deposited over substrate 102 on any exposed sur-
faces, using a conventional deposition process known 1n the
art (e.g., chemical vapor deposition). At this processing step,
no bottom SD 1s formed 1n structure 101 (1.e., long channel
device).

FIGS. 3A and 3B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of bottom
spacer formation, 1n accordance with an embodiment of the
present 1vention.

In this exemplary embodiment, bottom spacer 108 1s
optionally deposited over substrate 102 1n structures 100 and
101, such that the vertical portion of fins 103 and 105
remains exposed. Bottom spacer 108 can be an oxide
material, which can be blanket deposited over the wide fin
105, and on any exposed surfaces of structure 101, using a
conventional deposition process. For example, chemical
vapor deposition (CVD) can be used.

FIGS. 4A and 4B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
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respectively, depicting the fabrication process of depositing
and recessing a mask, 1n accordance with an embodiment of
the present ivention.

In this exemplary embodiment, a mask 110 1s blanket
deposited over the top of structures 100 and 101, and
standard lithography and etching processes known 1n the art
are performed in order to etch the region for forming the
recessed channel 1n structure 101. In some embodiments,
mask 110 1s a tri-layer material, where the first layer 1s an
organic planarization layer (OPL) for a flat topography,
tollowed by a layer above the OPL layer, which can be a
s1licon anit-reflective coating (S1ARC) matenal, followed by
a layer of photoresist material known 1n the art, above the
S1ARC layer.

FIGS. SA and 5B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of recessing a
channel 1n the recessed channel gate transistor, in accor-
dance with an embodiment of the present invention.

In this exemplary embodiment, recessed channel 112 1s
formed 1n structure 101, using standard etching processes
known 1n the art. In some embodiments, recessed channel
112 1s etched to align with the top surface of bottom spacer
108. In other embodiments, depending on design require-
ments, recessed channel 112 can be various combinations of
different widths and depths, 1n order to form a long channel.
At this processing step, a recessed channel 112 1s formed
only in the recessed channel gate transistor (1.e., structure
101), and not in the vertical channel device (1.e., structure
100).

FIGS. 6A and 6B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of forming
gate dielectric material and a gate electrode, 1n accordance
with an embodiment of the present invention.

In this exemplary embodiment, gate dielectric matenal
114 can be a high-K material, such as a hatnium based
material (e.g., hatntum oxide), and wraps around the entire
exposed vertical surfaces of vertical fin 103 and wide fins
105 and on the top surface of bottom spacer 108. Gate
clectrode 116 can be any appropniate metal matenal or
combinations of metal materials, and 1s deposited over the
top surface of gate dielectric material 114. Gate dielectric
material 114 and gate electrode 116 can be formed using any
conventional deposition process known in the art, for
example, CVD.

FIGS. 7A and 7B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of gate elec-
trode recess, 1n accordance with an embodiment of the
present mvention.

In this exemplary embodiment, gate dielectric material
114 and gate electrode 116 are etched back to expose a top
portion of vertical fin 103 and wide fins 105. In some
embodiments, a chemical mechanical process (CMP) can be
used to perform the etching process of gate dielectric
material 114 and gate electrode 116.

FIGS. 8A and 8B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of top SD
spacer formation, 1 accordance with an embodiment of the
present mvention.

In this exemplary embodiment, a top spacer 118 1s option-
ally deposited after the recessing of gate electrode 116. Top
spacer 118 may be composed of an oxide or a nitride, and are
deposited over the top surface of structures 100 and 101
using deposition processes known 1n the art.
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FIGS. 9A and 9B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a first ILD
fill and CMP, 1n accordance with an embodiment of the
present 1nvention.

In this exemplary embodiment, dielectric material 120 1s
deposited over the top surface of top spacer 118 in both
structures 100 and 101, using a conventional deposition
process, followed by a planarization process (e.g., chemical
mechanical planarization) to expose the top surface of
vertical fin 103 (in structure 100) and wide fins 105 (in
structure 101). Dielectric material 120 can be an oxide
material, which acts to separate later formed source and
drain regions from the gate structure (1.e., gate dielectric
material 114 and gate electrode 116).

FIGS. 10A and 10B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a gate
clectrode mask deposition, 1n accordance with an embodi-
ment of the present invention.

In this exemplary embodiment, gate electrode mask 122
1s deposited over the top surface of vertical fin 103 (structure
100) and wide fins 1035 (structure 101), using conventional
deposition processes known 1n the art, such as CVD. In some
embodiments, mask 110 1s a tri-layer material, where the
first layer 1s an organic planarization layer (OPL) for a flat
topography, followed by a layer above the OPL layer, which
can be a silicon anit-reflective coating (S1IARC) matenal,
followed by a layer of photoresist material known 1n the art,
above the S1IARC layer.

FIGS. 11 A and 11B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of gate elec-
trode patterning, 1n accordance with an embodiment of the
present 1nvention.

In this exemplary embodiment, structure 100 and struc-
ture 101 are etched based on the deposition of gate electrode
mask 122, using standard lithography and etching tech-
niques known 1n the art. Gate electrode 116, formed on
either side of vertical fin 103 (structure 100) and between
wide fins 105 (structure 101), remains after the etching
pProcess.

FIGS. 12A and 12B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of a second
ILD fill and CMP, 1n accordance with an embodiment of the
present 1nvention.

In this exemplary embodiment, 1n both structures 100 and
101, dielectric material 124 1s deposited over the top surface
ol exposed bottom spacer 108 and top spacer 118, using a
conventional deposition process, followed by a planarization
process (e.g., chemical mechanical planarization) to expose
the top surface of vertical fin 103 and wide fins 105.
Dielectric material 124 can be an oxide material, which acts
to separate later formed source and drain regions from the
gate structure (1.e., gate dielectric material 114 and gate
clectrode 116).

FIGS. 13A and 13B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process of FIN hard
mask removal for top SD formation, 1n accordance with an
embodiment of the present invention.

In this exemplary embodiment, conventional lithography
and etching processes known 1n the art are used to remove
hardmask 106 from structure 100 and structure 101, for top
SD formation. In some embodiments, an additional top
active region recess of wide fins 105 1s performed, for later
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embedded SD ep1 growth. At the end of this processing step,
hardmask 106 i1s completely removed from structure 100,
while, optionally, some hardmask 106 remains in structure
101.

FIGS. 14A and 14B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process for top SD
formation, 1n accordance with an embodiment of the present
invention.

In this exemplary embodiment, top SD 126 1s formed on
the top surface of vertical fin 103 (structure 100) and wide
fins 105 (structure 101) by an epitaxial growth process. Top
SD 126 1s used as the source or drain region of structures 100
and 101. In other embodiments, top SD 126 1s formed using
an 1on 1mplantation process, known 1n the art.

FIGS. 15A and 15B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, depicting the fabrication process for SD con-
tact patterning, in accordance with an embodiment of the
present mvention.

In this exemplary embodiment, contact opemings 128 are
patterned on top of the top SD 126, using known lithography
and etching processes (e.g., RIE processes). Subsequently,
contacts 130 are formed. In this exemplary embodiment,
contacts 130 are formed from a silicide process known 1n the
art, 1n which a thin transition metal layer (e.g., platinum,
cobalt, or nickel) are deposited over the patterned structure
100 and 101. After the deposition, the structures 100 and 101
are heated, which allows the transition metal to react with
the exposed silicon 1n the active regions of structures 100
and 101 (i.e., top SD 126), which forms a low-resistance
transition metal silicide. After the reaction, any remaining
transition metal 1s removed using chemical etching, and only
contacts 130 remain 1n the active region of structure 100 and
101 (as depicted 1n FIGS. 16 A and B). In other embodi-
ments, a metal deposition process known 1n the art 1s used
to form contacts 130.

FIGS. 16 A and 16B are cross-sectional views of a vertical
channel transistor and a recessed channel gate transistor,
respectively, after the fabrication process of SD contact
formation, and FIGS. 17A and 17B are plan views of a
vertical channel transistor and a recessed channel gate
transistor, respectively, after the fabrication process of SD
contact formation, 1n accordance with an embodiment of the
present mvention.

As depicted m FIG. 16B, a recessed channel gate tran-
sistor with a long, U-shaped channel 132B (1n contrast to the
vertical channel 132A of the resulting vertical channel
transistor of FIG. 16A) results from the process steps of
FIGS. 1-15. Using this process, an active region, gate,
source and drain region, and contacts can be formed using
processes similar to those of vertical channel transistor
formation, with little additional processing required. Thus,
embodiments of the present invention describe a fully com-
patible process mtegration for a short channel, vertical FET
device and a recessed long channel device.

The plan view of the vertical channel transistor of FIG.
17A depicts gate contact 134 on gate electrode 116, and
bottom SD contact 130A and top SD contact 130B. The plan
view of the recessed channel gate transistor depicts gate
contact 134 on gate electrode 116. SD contacts 130 are
formed on both left and right sides of gate electrode 116,
over the recess long channel (not visible 1n the plan view).

Having described the preferred embodiments of a method
for fabricating a recessed long channel transistor (which are
intended to be illustrative and not limiting), it 1s noted that
modifications and variations may be made by persons skilled
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in the art 1 light of the above teachings. It 1s, therefore, to
be understood that changes may be made in the particular
embodiments disclosed which are within the scope of the
invention, as outlined by the appended claims.

In certain embodiments, the fabrication steps depicted
above may be included on a semiconductor substrate con-
sisting of many devices and one or more wiring levels to
form an integrated circuit chip. The resulting integrated
circuit chip(s) can be distributed by the fabricator in raw
waler form (that 1s, as a single wafer that has multiple
unpackaged chips), as a bare die, or in a packaged form. In
the latter case the chip 1s mounted 1n a single chip package
(such as a plastic carrier, with leads that are aflixed to a
motherboard or other higher level carrier) or in a multichip
package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any
case, the chip 1s then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
part of erther (a) an itermediate product, such as a moth-
erboard, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
toys and other low-end applications, to advanced computer
products having a display, a keyboard or other input device,
and a central processor.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, ¢le-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, 1tegers, steps,
operations, elements, components, and/or groups thereof.

What 1s claimed 1s:

1. A method for co-integrating a short-channel vertical
transistor and a long-channel transistor, the method com-
prising;:

from a starting substrate, forming a wide fin, wherein the

wide fin comprises a wide active region;

depositing a recess mask over a top surface of the starting,

substrate;

recessing a long channel based on the deposited recess

mask, wherein the long channel 1s recessed to align
with a top surface of a bottom spacer;

depositing a gate electrode and a gate material, to form a

gate structure;

forming SD contacts in an SD region of the long-channel

transistor; and

depositing the bottom spacer over the top surface of the

starting substrate.

2. The method of claim 1, wherein recessing the long
channel, comprises:

forming the long channel using a variable etching width

and a variable etching depth.

3. The method of claim 1, wherein recessing the long
channel comprises: etching a U-shaped channel.

4. The method of claim 1, wherein depositing a recess
mask over a top surface of the starting substrate further
COmprises:

patterning an opening for forming the recessed long

channel.

5. The method of claim 1, further comprising:

ctching the deposited gate electrode and the gate material

to expose a top portion of the wide fin.
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6. The method of claim 5, further comprising:

depositing a top spacer over a top surface of the exposed

top portion of the gate electrode and the gate material.

7. The method of claim 6, further comprising:

depositing a gate electrode mask over the top surface of 5

the wide fin.

8. The method of claim 7, turther comprising;:

etching the recess mask for removal; and

recessing a top active region of the wide fin.

9. The method of claim 1, wherein a top SD 1s formed on 10
the top surface of the wide fin using an epitaxial growth
pProcess.

10. The method of claam 1, wherein a top SD 1s formed
on the top surface of the wide fin using an 1on 1mplantation

Proccss. 15

10
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